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ABSTRACT
The Great Basin is bordered on the west by the Sierra Nevada and on the east by the Colorado 
Plateau and Rocky Mountains. These tectonically different provinces are genetically related; basin and 
range structure evolved as part of the tectonic development of western North America.
The Precambrian framework here is not well known, but northeasterly geosynclinal trends, east- 
west orogenic trends, and northwesterly fracture zones can be projected from the craton or inferred.
Sedimentation in the Cordilleran orthogeosyncline from Cambrian to Devonian time was charac­
terized by an eastern miogeosynclinal (carbonate) and a western eugeosynclinal (siliceous and volcanic) 
assemblage. In latest Devonian time, the Antler orogenic belt formed by predominantly vertical uplift 
along the boundary between these assemblages at the continent-ocean basin interface where loading and 
thermal blanketing changed mineral phases in the mantle. In late Paleozoic and early Mesozoic time, 
two post-Antler marginal troughs developed in which thick orogenic sediments accumulated. These 
troughs later became the sites of the Nevadan and Sevier orogenic belts.
During late Mesozoic time, an enormous volume of debris was transported from the Nevadan and 
Sevier orogenic belts eastward into the Rocky Mountain geosyncline and westward into the Pacific geo­
syncline. About 5 miles of material were eroded from each square mile of source area. The unloading and 
loading affected crustal and mantle equilibrium. In the source area, crustal break-up, possibly accentu­
ated by magmatism, resulted in basin and range structure. In the Rocky Mountain geosyncline where 
the crust was thickened, the Rocky Mountains and the Colorado Plateau were uplifted.
IN T R O D U C T IO N
The landscapes of the western United States 
are among the most scenic and varied in the 
world. Within a span of 500 miles, a diverse 
terrain includes the Sierra Nevada, Great 
Basin, Colorado Plateau, and Rocky Mountain 
physiographic provinces (Fenneman, 1931) 
(Fig. 1). The interrelationship of these dif­
ferent provinces is one of the major problems 
in North American geology. In order to ex­
plain this interrelationship, I will trace the 
tectonic development of these provinces, show 
that the major events progressed sequentially, 
and suggest that the Sierra Nevada, Great 
Basin, Colorado Plateau, and Rocky Moun­
tains evolved together as part of the frame­
work of western North America.
Several significant tectonic events will be 
singled out for emphasis in the tectonic syn­
thesis here presented. The first is the Antler 
orogeny of Late Devonian to Early Pennsyl­
vanian time that followed 300 million years of 
sedimentation in the Cordilleran geosyncline. 
The second is the Sonoma orogeny of Late 
Permian age. The third includes two orogenic 
^events, the Sevier and Nevadan of Late Juras­
sic through Early Cretaceous age that de­
veloped on the fianks of the Antler orogenic 
belt. The fourth is the basin and range orog­
eny of late Tertiary and Quaternary age that 
developed on the sites of the Antler, Sevier, 
and Nevadan belts and represents the cli­
mactic orogeny of the western continental 
margin.
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PR EV IO U S  C O N C E P T S
The land forms of the Great Basin province 
have, from time to time, occupied the atten­
tion of many eminent geologists. Clarence 
King (1878), Gilbert (1875, 1928), and Le 
Conte (1889) were among the early workers. 
More recently, Davis (1925), Nolan (1943), 
Longwell (1950), Mackin (1960a, b ), Gilluly 
(1949, 1955, 1963, 1965), Allison (1949), P.
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B. King (1958, 1959, 1966), Thompson (1959, 
1960b), Donath (1962), Shawe (1965), and 
Damon and Mauger (1966) have considered 
basin and range problems.
It is not practicable here to discuss all the 
ideas proposed to explain the origin of basin 
and range structure, but the principal mecha­
nisms will be described briefly. These mecha­
nisms fall into four major classes: 1) those 
related to compressional stress followed by ex­
tension, 2) to collapse of the crust due to 
volcanic activity, 3) to regional extension due 
to convection, and 4) to strike-slip faulting.
Clarence King (1870, 1878) and Gilbert
(1875) were among the first to discuss folding 
and block faulting. L. F. Noble* (1941) and 
Hewett (1954, 1956) noted that thrusting of 
probable Pliocene age was both preceded and 
followed by normal faulting. Nolan (1935) 
also described alternation of thrust faulting 
and normal faulting in the Gold Hill district, 
western Utah. Later, Nolan (1943) stated the 
case for regional compression followed by ex­
tension as follows:
Finally, there appears to be a suggestive 
connection in time between the block faulting 
and the preceding folding and thrusting . . . .  
a relation that may. be interpreted as sequential
_L X
Fig. 1. Index map.
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and implying continuity in action o f  the same
causitive forces.
Collapse of the crust due to volcanism has 
been suggested by Le Conte (1889), Mackin 
(1960a, b), and Damon and Mauger (1966). 
Le Conte visualized that the crust floated on 
a subcrustal liquid layer which during “in­
tumescence” locally arched the crust until col­
lapse ensued, as shown on Figure 2. Mackin 
(1960b, p. 127) developed this concept fur­
ther, suggesting that the eruption of enormous 
volumes of lavas and tuffs in the Great Basin 
during the Cenozoic resulted in crustal col­
lapse and caused basin and range structure 
(Fig. 3). Damon and Mauger state that middle 
Tertiary magmatism in the Great Basin was 
an exothermic process favoring phase changes 
from low to high density with consequent col­
lapse.
Longwell, Gilluly, Cook, and Thompson have 
advocated subcrustal convection currents to 
account for basin and range faults. Longwell 
(1950) and later, Gilluly (1963, 1965) sug­
gested that lateral transfer of material from 
the basin ranges eastward to the area of the 
plateau caused collapse in the basin ranges 
and uplift of the plateau. Cook (1962) sug­
gested westward transfer to cause crustal thin­
ning in the Great Basin with resulting collapse.
Tectonic Framework of the G reat Basin
Fig. 2. Model of Basin and Range structure according 
to Le Conte (1889). A. Crust broken into blocks. B. 
Crust arched and blocks separated. C. Crust read­
justed by gravity.
Thompson (1959, 1960a,b, 1966; in Thomp­
son and Talwani, 1964 a,b) has discussed basin 
and range structure in somewhat different 
terms; he visualizes expansion in the lower 
crust or mantle due to phase changes. This 
expansion, possibly aided by igneous intru­
sions, may cause regional extension and de­
velopment of horsts and grabens (Fig. 4).
Strike-slip faulting, a variation of the re­
gional compression mechanism, has been sug­
gested by Allison (1949), Donath (1959, 
1962), and Shawe (1965). North-south com­
pression is postulated, resulting in a pattern 
of northwest, northeast, and north-south frac-
Fig. 3. Model of Basin and Range structure after J. H. Mackin (written communication, 1960).
U M R Journal, No. 1 (A pril 1968)
104 Ralph J. Roberts
Fig. 4. Sketch section of Basin and Range structure 
after Thompson (1966).
tures. P. B. King (1959) suggested that ex­
tension implied by normal faulting was a com­
ponent of pervasive crustal compression.
The foregoing interpretations have been 
developed during investigations that have 
lasted nearly a hundred years, but none is 
wholly satisfactory. As our knowledge of the 
tectonic framework and behavior of the crust 
and mantle has increased enormously during 
recent years, further inquiry into the basin 
and range problem seems warranted. In this 
discussion the tectonic history of the western 
states will be outlined, and pertinent modern 
geochemical and geophysical concepts will be 
summarized. Then an orogenic model and a 
basin and range mechanism based on my un­
derstanding of the tectonic history and of 
these concepts will be suggested.
T E C T O N IC  F R A M E W O R K
Contributions to our understanding of the 
tectonic framework of the western states have 
been made by many field geologists. This work 
has been synthesized by Schuchert (1923), 
Nolan (1928, 1943), Eardley (1947), Kay 
(1951), Roberts and others (1958), P. B. King 
(1958, 1959, 1966), Engel (1963), and Gilluly 
(1949, 1955, 1963, 1965).
Schuchert (1923) was the first to use the 
term Cordilleran geosyncline for the zone of 
sedimentation on the western continental bor­
der. He discussed the history of the geosyn­
cline during its complex evolution. Nolan 
(1928, 1943) clarified details and further de­
veloped the earlier suggestion by Hague 
(1892) and Ferguson (1924) that a late Paleo­
zoic positive area formed in west-central Ne­
vada. Eardley (1947) added pertinent infor­
mation and showed that the geosyncline was 
composed of two parts, a Pacific trough in 
which volcanic rocks and graywackes accumu­
lated and a Rocky Mountain trough in which 
carbonate rocks, shale, and sandstone accumu­
lated. Kay (1947, 1952) clarified the distribu­
tion and designation of facies within the geo­
syncline. Merriam and Anderson (1942), fol­
lowing suggestions of Kirk (1933), estab­
lished that large-scale telescoping of facies on 
thrust faults had juxtaposed eugeosynclinal 
and miogeosynclinal facies in the Roberts 
Mountains. Roberts (1951), Roberts and 
others (1958), and Silberling and Roberts
(1962) further developed this idea and showed 
that the telescoping extended over a belt more 
than 90 miles wide. This belt coincided in part 
with the late Paleozoic positive area of Nolan 
(1928), but, as the term “positive area” did 
not adequately describe the complexities and 
extent of deformation within the belt, Roberts 
(1951) renamed it the Antler orogenic belt 
after Antler Peak where its effects are well 
shown.
Further confirmation of large-scale tele­
scoping of facies during orogeny in the Antler 
belt was supplied by Hotz and Willden (1955, 
1964) who recognized rocks transitional in 
facies in the autochthon in the Winnemucca- 
Golconda area between the sites of deposition 
of eugeosynclinal and miogeosynclinal types. 
Recognition of the initial distribution of fa­
cies in the Cordilleran geosyncline permitted 
a realistic reconstruction of the geosyncline 
(Roberts and others, 1958, Fig. 2). This re­
construction gives us a picture of the evolu­
tion of crustal structure during Paleozoic 
time which influenced the subsequent tectonic 
history of this region and set the stage for a 
series of events that ended in the formation 
of the basin and range structure. These events 
will be illustrated by diagrams that show the 
evolution of western North America along the 
40th parallel from Precambrian to Miocene 
time.
Precam brian
Precambrian rocks are exposed only on the 
eastern flank of the Cordilleran geosyncline 
and at a few places within it, but some trends 
can be projected into the geosyncline from 
the east and other major trends can be in­
ferred. Schuchert (1923) and Ross (1963) 
recognized that the Cordilleran geosyncline 
was well developed by Cambrian time. This is 
shown on Figure 5 as a northeasterly geosyn­
clinal trend. Another major trend is repre­
sented by the Cortez-Uinta axis, an east-west 
orogeni'd trend of Precambrian and Paleozoic 
age (Webb, 1958; Roberts and others, 1965). 
Northwest-trending mineral belts in north-
U M R  Journal, No. 1 (April 1968)
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Fig. 5. Map showing major structural and geosynclinal trends of Precambrian age in Nevada.
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central Nevada probably represent deep-seated 
fracture system s (R oberts, 1966) that local­
ized m ovem ent o f  magm as upward during 
M esozoic and Tertiary tim e.
The northeast, east-west, and northwest 
trends in th e  Great Basin province have been 
reactivated in m any places in post-Cam brian 
time and thus have exerted a pow erful influ­
ence on all later structural development 
throughout the h istory o f  the geosyncline.
Paleozoic
B y the beg in n in g  o f  the Cambrian, the sea 
onlapped the continent (F ig . 6 ) from  the w est 
over a broad  m iogeosynclinal shelf and by  
Middle Cam brian tim e reached the craton 
about 400 miles to  the east in central U tah 
(Lochm an-Balk, 1957). E xcept fo r  some sand­
stone units and m inor shales, carbonates 
o f shallow-water facies predom inate in the 
m iogeosynclinal zone. W estw ard these rocks 
grade im perceptibly into the transitional as­
semblage o f  the continental slope in w hich 
the carbonates give w ay to shales and bedded 
chert o f  deeper water facies. On the west, the 
continental slope was flanked by  the eugeo­
synclinal zone in w hich volcanic rocks, chert, 
and elastics accumulated on the oceanic crust 
in an offshore deep-w ater environment. In 
places, volcanic archipelagos separated the 
eugeosynclinal zone from  the open ocean, but 
in other places the zone passed directly into 
the open ocean.
The Cordilleran geosyncline, as visualized 
here, was an  unsym m etrical feature that ex ­
tended from  the open ocean to the craton. The 
sources o f clastic sedim ents that make up part 
o f  the eugeosynclinal and transitional fa cies  
must have been intrageosynclinal, possibly 
from  em ergent areas such as peninsulas and 
islands a long the coastline, as well as from  the 
craton.
The Cordilleran geosyncline thus consisted 
o f three parts, each characterized by a d istinc­
tive environm ent in  w hich separate but grada­
tional facies  accumulated. In early Paleozoic 
time, the sia lic (s ilic ic )  upper crustal layer 
(F ig . 6A ) extended in to w estern Nevada to 
the edge o f  the continental slope, and the 
sima (m afic) crust extended from  this poin t 
westward. Sedim entation in the geosyncline 
continued in  this pattern until Late Devonian 
time (F ig . 6C) when a w rinkle began to de­
velop in the area where the continental slope 
graded into the eugeosynclinal zone. Part o f  
this zone becam e em ergent, and elastics w ere 
shed into th e  flanking seas. These elastics have 
been considered early orogen ic (Carlisle and
Nelson, 1955; R oberts and others, 1958, p. 
2837, F ig . lO B ) ,  because they interfinger with 
chert and shale o f  the siliceous assem blage and 
were transported eastward w ith these rocks 
during the A ntter orogeny.
W hy did the ancestral orogen ic belt develop 
along the boundary zone between the conti­
nental slope and eugeosynclinal environm ent? 
The unique feature o f  this zone is that it 
marks the locus o f  m axim um  sedim entation 
during the preceding early and m iddle Paleo­
zoic E ra— a span o f  more than 250 million 
years. In this zone, sediments aggregating
40,000 to 50,000 feet accumulated. This thick­
ness m ay be com pared to the 15,000 to 20,000 
feet o f  sedim ents that accumulated in the m io­
geosynclinal zone to the east. E vidently 40,000 
to 50,000 feet o f  sediment on a hinge area, 
such as a continental border (F ig . 6 C ), is a 
critical thickness w ith respect to crust-m antle 
equilibrium . Lawson (1927, p. 257) pointed 
this out long ago concern ing the Cretaceous 
Rocky M ountain geosyncline, and it still seems 
to be a useful em pirical rule.
A t any rate, in latest Devonian tim e (F ig . 
6 C ), an orogen ic belt began to fo rm  (Roberts 
and others, 1958; Ketner and Smith, 1963). As 
uplift proceeded, two troughs or foredeeps de­
veloped on the flanks o f  the orogen ic belt; on 
the west, siliceous, volcanic, and clastic de­
posits accum ulated in the eugeosynclinal en­
vironm ent, and on the east, elastics were 
deposited in the Chainm an-Diam ond Peak 
trough. A t first the rate o f  u p lift was slow, 
and only fine elastics were carried  into the 
flanking troughs. A s time went on, the rate 
o f  uplift increased, and coarser elastics were 
shed from  the orogenic belt. By earliest M is­
sissippian tim e (F ig . 6 D ), em ergence had 
reached a point where a grav ity  thrust or glide 
plate broke aw ay and m oved eastward into the 
foredeep (F ig . 6 E ). The mass was 4 to 8 
miles (6.5 to 13.0 km ) in thickness and made 
up m ostly o f siliceous and volcanic and tran­
sitional assem blage rock s ; the fron ta l part 
reached a point 90 to 100 m iles east or south­
east o f its point o f  origin . A lthough  the plate 
was internally deform ed during u p lift and 
movem ent by fo ld in g  and im brication, the 
deform ation seems to  have been local, and the 
fronta l part contains rocks that are transi­
tional in facies or m ore nearly transitional 
than those in the m iddle and rear. The d istri­
bution o f  facies in the plate, therefore, closely 
parallels their original d istribution  in the 
geosynclm e.
Concom itant with glid ing, the emergent 
area was being eroded and elastics w ere being
UMR Journal, N o . 1 (A pr il 1968)
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shed both to the east and west. These orogenic 
elastics o f  M ississippian and Pennsylvanian 
age ultim ately overlapped the toe o f  the glide 
plate (F ig . 6 E ).  W estward, the M ississippian 
and Low er Pennsylvanian rocks w edged out, 
and U pper Pennsylvanian rocks lapped onto 
the central part o f  the orogen ic belt (Roberts, 
1951; R oberts and others, 1958). B y  Perm ian 
tim e, except fo r  local islands and peninsulas, 
m ost o f the orogen ic belt was eroded nearly to 
sea level and w as overlapped by lim estone o f 
shallow -w ater facies.
D uring Late Perm ian tim e, orogeny again 
disturbed w estern Nevada and culm inated in 
the m ovem ent o f  another m ajor plate east­
w ard on the G olconda glide plane during the 
Sonoma orogeny (S ilberlin g  and Roberts, 
1962). T he orogeny was confined m ostly to the 
w estern flank o f  the A ntler belt, but locally the 
Golconda plate and its northern continuation, 
the H ailey, largely  covered the A ntler belt 
(R oberts and Thom asson, 1964). In the Late 
Perm ian and E arly  T riassic, the eastern fiank 
o f  the Sonom a orogen ic belt was overlapped by 
volcanic rocks o f  the K oipato Form ation.
M esozo ic
D uring succeeding T riassic  and Jurassic 
tim e, except fo r  a few  islands, central Nevada 
was covered b y  shallow seas. Sedim ents de­
posited during this interval are preserved in 
only a fe w  places, but it is in ferred  from  cur­
rent m arkings in U pper T riassic  sandstones 
that these sands were transported into central 
and w estern Nevada from  the east (S ilberling 
and Roberts, 1962).
In  Late Jurassic tim e, the patterns o f  sedi­
m entation began to change again  (F ig . 7 A ). 
In eastern N evada and central Utah, evaporite 
basins form ed, and th ick  beds o f  gypsum  were 
locally deposited (Olson, .1964, p. 211; S ilber­
ling, 1964, p. 28 ; Spieker, 1946 ). The evaporite 
basins w ere finally inundated by  clastic debris 
derived fro m  risin g  lands in  w estern Utah 
and eastern Nevada. The M orrison  (U pper 
Jurassic) and E phraim  (L ow er Cretaceous) 
Form ations in central and eastern Utah were 
am ong the first elastics laid down. The M or­
rison  is p artly  continental and partly lagoonal. 
Its lithology is m ostly shale and silt, but it also 
contains lenses o f  sand and conglom erate 
w hich  w ere derived from  the w est (Spieker, 
1946; L ove and others, 1945, 1947; Peterson, 
1957) and fill fluviatile channels. The Ephraim  
F orm ation  clearly coarsens w estw ard, indicat­
in g  that the source terrain  was in western 
U tah (H aun and Kent, 1965, p. 1790). Spieker 
(1 9 4 6 ), E ard ley  (1959a, b ) ,  Stokes (1957 ),
and Schoff (1951) have described the rocks, 
and N olan (1928, 1943) and H arris (1959) 
have described parts o f  the source orogenic 
belt. Nolan, fo llow in g  Schuchert (1 9 2 3 ), re­
ferred  to the ^ uplifted areas in eastern N e­
vada as the Cordilleran [Interm ontane] gean­
ticline. Schoff (1951 ) called it the Cedar Hills 
orogeny. H arris (1959) renam ed it the Sevier 
u p lift and, m ore recently, A rm strong  and H an­
sen (1966) have raised its rank to Sevier oro­
gen ic belt. The latter name seems m ore appro­
priate because the Sevier orogeny was o f  re­
gional s ign ificance; m oreover, the zone o f  
m ajor uplift was fa r  west o f  the Cedar Hills 
in w estern U tah and eastern Nevada.
Concom itant w ith  the eastward transport o f  
sedim ents from  the Sevier belt, westw ard 
transport o f  debris into a basin or series o f  
basins is recorded b y  the N ew ark Canyon F or­
m ation o f  late E arly  Cretaceous age in north- 
central Nevada and near Eureka (M acN eil, 
1939; Nolan and others, 1956). The N ew ark 
Canyon contains beds ranging from  coarse 
boulder conglom erates to fine-grained lake de­
posits, an association  w hich indicates rugged 
source areas and in terior drainage. This, then, 
is the ancestral basin  and range structure. 
N orth-central N evada at that tim e was above 
sea level and m ay have been an interm ontane 
plateau w ith scattered lakes separated by  
ranges. Possibly som e m ajor  stream s carried  
debris from  this area eastward or w estw ard 
into flanking seas, but it is im possible to  eval­
uate the relative am ount deposited w ith in  the 
interm ontane plateau and that transported 
outside. Much o f  the N ew ark Canyon is 
stained reddish b y  iron oxides, ind icating 
lateritic w eathering in upland source areas.
D uring the rem ainder o f  the Cretaceous P e­
riod, a trem endous am ount o f  debris was 
transported eastw ard from  the Sevier belt into 
flood-plain and m arine environm ents (Reeside, 
1944; A rm strong and Hansen, 1966; M ackin, 
1937; P . B. K ing, 1958, 1959; Crittenden, 
1964) indicating v irtually  continuous uplift 
on the west and dow nsinking on the east. The 
zone o f  m axim um  late M esozoic u p lift coin­
cided closely w ith  the zone o f  m axim um  subsi­
dence and accum ulation during the preceding 
M ississippian to  Jurassic post-A ntler interval. 
D uring the Cretaceous, m ore than 20,000 feet 
o f  sediments w ere locally deposited in th e  east­
ern p art o f  the foredeep  o f  the Sevier orogenic 
belt w hich coincides generally w ith  the present 
Colorado Plateau and R ocky M ountains. Ree­
side (1*944) and G illuly (1949, 1963) calcu­
lated that in all, about a m illion cu b ic miles 
o f  m aterial was transported eastward from
U M R  Journal, No. 1 (A pr il 1968)
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Fig. 7. Diagram showing evolution of the Cordilleran geosyncline from Early Jurassic to Miocene time.
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the Sevier orogenic belt. The effective source 
area was about 200,000 square miles w hich 
means that on the average 5 cu b ic miles o f  m a­
terial were eroded from  each square m ile o f  
source area. M ost o f the m aterial was depos­
ited w ith in  100 miles o f  the source, but shaly 
tongues and blankets extended fa r  into the 
Central states.
Cenozo ic
In Paleocene and Eocene tim e, the supply o f  
clastic rocks from  the Sevier belt on the w est 
gradually dim inished, and the em ergent source 
areas sh ifted  eastward to  the area o f  the L ara ­
mide orogeny (F ig . 7 C ). Instead o f  a single 
elongate orogen ic  belt and relatively sim ple 
depositional trough, the Laram ide orogenic 
belt was com plex. It consisted o f  local up lifts 
extending from  central Utah to the present 
Rocky M ountain fron t, separated by relatively 
small basins (Bradley, 1936; A tw ood and A t ­
wood, 1938; Van Houten, 1948; Hunt, 1956;
P. B. K ing, 1958). B y  late Eocene tim e, these 
basins covered m ost o f  the area o f  the Rocky 
M ountains.
Meanwhile, on the west, the S ierra  Nevada 
was undergoing a com parable evolution. De­
bris  was shed w estw ard into em baym ents and 
troughs along the continental border such as 
the one in w hich  the Franciscan Form ation  o f 
Late Jurassic and E arly and Late Cretaceous 
age was deposited (Anderson, 1938; Bailey 
and Irw in, 1959). Succeeding units o f  Creta­
ceous age are in places m ore coarsely clastic 
and contain m uch K -feldspar derived from  the 
batholiths in the S ierra N evada (Anderson, 
1938; Irw in, 1957; Bailey and Irw in, 1959). 
T he volume o f  sedim entary rocks o f  Creta­
ceous age in the Great Valley is estim ated by 
Bailey and others (1964) to exceed 500,000 
cubic miles and m ay total 1,000,000 cubic 
miles. In Eocene tim e in central California, 
the lone Form ation (A llen, 1929) lapped east­
w ard over the Cretaceous rocks o f  the Great
Fig. 8. Model of elongate upwarp after Beloussov (1961). 
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Valley and onto the m etam orphic and granitic 
rocks o f the Sierra N evada; the lone is mostly 
clayey sand and silt, indicating a slowing o f  
the rate of uplift.
In eastern Nevada and western Utah during 
early Tertiary time, the Sevier orogenic up­
land was fragm ented, the east-flowing drain­
age was disrupted, and a series o f  broad ba­
sins form ed in w hich the Sheep Pass Form a­
tion and related units were deposited (W in ­
frey , 1960; P . B. K ing, 1959) (F ig . 7 D ). The 
terrain  at this tim e was characterized by al­
ternating basins and low  ranges w hich repre­
sented an eastward expansion o f  the ancestral 
basin and range topography o f central N e­
vada. By O ligocene tim e, broad fresh-w ater 
lakes covered much o f  Nevada and western 
Utah, and the basin and range pattern was 
clearly shown (H ubbs and Miller, 1948; P. B. 
K ing, 1958; 1959, p. 156 ). By M iocene time, 
basin and range topography extended from  
the W asatch M ountains in Utah to the Sierra 
Nevada and m ost o f  the area drained into in­
terior basins (H ubbs and Miller, 1948; A xel­
rod, 1957, 1962) (F ig . 7 D ).
Basin and range topography, therefore, de­
veloped in areas form erly  involved in orogen y ; 
but what sort o f orogeny? Misch (1960), Misch 
and Hazzard (1962 ), and Arm strong and Han­
sen (1966) have emphasized that com pressive 
stresses prevailed in the early stages o f oro­
genic movements in the Sevier belt. Roberts 
and others (1965) and W hitebread (1966) re­
gard uplift in the Sevier belt as prim arily 
epeirogenic and consider com pressive stress 
to be minor and due prim arily to gravity. Be- 
loussov’s model o f  a broad upwarp (1961) 
shows the essential features o f this kind o f  
u p lift (F ig . 8 ) .  In the upper photograph, lon­
gitudinal and transverse fractures that form ed 
during uplift are shown. In the section below, 
steep fractures are shown on the crest o f a 
fold, and gently inclined fractures on the 
flanks; when these join , a cycloidal shear may 
form  and a grav ity  slide plate can be gen­
erated. The great glide plates o f  central Utah 
that rode eastward on the Willard, Charleston, 
and N ebo glide planes, w ere rooted in the west. 
Like the Roberts M ountains plate, they were 
relatively thin and m oved into troughs or fo re ­
deeps.
Tectonic behavior w ithin the area o f the 
w estern states during Paleozoic, M esozoic, and 
Tertiary  time was characterized by extraordi­
nary m obility. A fte r  the initial u p lift in the 
Antler, and later uplifts in the ancestral S i­
erra and Sevier belts, flanking downwarps de­
veloped*' almost immediately. The uplift and
downsinking seem to  be a related pair o f  tec­
tonic events. D uring these events, crustal and 
mantle equilibrium  must have been main­
tained. Crittenden (1963) has shown that the 
crust in western U tah responded alm ost in­
stantaneously to loading and unloading during 
Lake Bonneville time. Such response probably 
was characteristic o f  the Great Basin province 
during preceding and follow ing epochs.
O R O G E N IC  SP EC U LA T IO N S
We are just em erging from  the Dark Ages 
in our study o f  the interior o f  the earth. Mod­
ern seism ology, geochem istry, and geophysics 
have developed alm ost explosively during the 
last decade. The seism ologists, b y  new tech­
niques, have learned much pertinent detail 
about layering in the earth; the geochem ists 
have developed new data on high-pressure 
mineral phases that may exist at depth in 
the lower crust and m antle; and the geophysi­
cists are applying these new data in evolving 
m ore realistic earth models. Now we shall at­
tem pt to  combine ou r geologic model with 
these earth models.
For purposes o f  general discussion, the con­
tinental crust is assumed to  consist o f  two 
parts, an upper sialic part 5 to 30 km thick 
and a low er mafic part 12 to  40 km thick. The 
surface expression o f  the sialic part is mostly 
sedimentary, m etam orphic, and igneous rocks, 
and that o f the m afic lower part largely of 
basalt, gabbro, or their  m etam orphic equiva­
lents. The upper part o f  the mantle is m ostly 
peridotite or dunite that contains about 25 per­
cent o f  basaltic fra ction  (Clark and R ing- 
wood, 1964). The upper mantle is generally 
in the zone o f  potential m elting. W hen the 
tem perature rises or  pressure is released, the 
basaltic fraction  m ay be liquefied and trans­
ferred  from  one part o f  the mantle to another, 
or can m ove upward into the crust or  onto the 
surface.
Ferm or (1914), Kennedy (1959 ), and Noble' 
(1961) postulated that the boundary between 
the crust and mantle m ight be a phase change; 
fo r  example, basalt and gabbro (sp. gr. 2.9) 
and eclogite (sp. gr. 3.5) are sim ilar chem i­
cally. T he basalt or gabbro phase could exist 
in the crust and eclogite at the M ohorovicic 
boundary in the m antle or below. MacDonald
(1963) and others, in  the 1950’s, experim ented 
w ith h igh  pressure and tem perature mineral 
phases and concluded that the geochem ical 
data m ight perm it change from  basalt to  eclo­
g ite  at the boundary; Clark and Ringw ood
(1964) have suggested that the principal phase 
changes are deeper, m ainly within the man-
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CD GARNET PYROLITE
Fig. 9. Crustal model according to Clark and Ringwood 
(1964). Ampholite = olivine -|- amphibole; Pyroxene 
pyrolite =  olivine +  aluminous pyroxene(s) ±  
spinel; Garnet psnrolite = olivine +  Al-poor py- 
roxene(s) +  pyrope-rich garnet; M = MohoroviCid 
discontinuity; P.C. = Precambrian.
tie. Their interpretation, w hich is reproduced 
in F igure 9, im plies that phase changes w ithin 
the mantle m ay significantly alter the volume 
o f  a colum n o f  the m antle and thus provide a 
driving m echanism  fo r  tecton ic adjustm ent. 
T h is m echanism  m ay be influenced by  surface 
events, such as loading the sensitive boundary 
zone between oceanic and continental crust. 
M ore recently R ingw ood and Green (1966) 
have determ ined that the eclogite-gabbro 
transition  m ay take place in  the low er crust 
as well as in the mantle.
M acDonald (1963 ) has evaluated this m ech­
anism  m athem atically. H e points out that the 
initial effect o f  sedim entation in a geosyncline 
is to  increase pressure in the low er crust and 
mantle and thus fa v o r  form ation  o f  denser 
m ineral phases. This reaction will result in a 
decrease in volum e and will at first accentuate 
subsidence. Later, therm al blanketing w ill lead 
to  increased tem perature w hich  w ill ultim ately 
exceed the pressure effect and cause form ation  
o f  ligh ter m ineral phases. This w ill bring 
about expansion in the m antle and consequent 
u p lift o f  the crustal-m antle colum n. M acD on­
ald calculated that the tim e required to  ap­
proach equilibrium  would be years or
m ore. T h is m eans that a significant tim e lag 
m ay intervene betw een in itial subsidence and 
beg inn ing o f  up lift.
P reviously  I have described a series o f  illus­
trations w ith emphasis on events tak ing place 
on the surface. N ow , let us consider how  the 
subsurface events m ight fit into this picture. 
D urin g  recent years P akiser and Zietz (1965) 
and other geophysicists have made significant 
contributions to ou r understanding o f  layer­
ing in the crust and upper mantle. T hey have 
prepared an illustration (F ig . 10) show ing 
crustal thicknesses in the U nited S tates: the 
H igh  Plains and eastern Rockies now have a 
crust about 30 m iles (50 km ) thick, the Colo­
rado Plateau and northern Rockies about 24 
m iles (40 k m ). Great Basin about 18 m iles (30 
k m ), the S ierra Nevada 24 to 33 m iles (40 to  
55 k m ), and the G reat Valley and w est coast 
about 20 m iles (32  k m ). Pakiser and Robinson 
(1966 ) noted that the average thickness o f  the 
crust in the eastern U nited States is 26 m iles 
(44 km ) and in the w estern United States, 20 
m iles (34 k m ). In  general, w ith in the prov­
inces, there is good  agreem ent between the 
thickness o f  the crust and the a ltitude; the 
h igher the altitude, the th icker the crust, in ­
d icating that the provinces are in isostatic 
balance. The Great Basin stands h igher topo­
graphically than the G reat Plains, however, 
ind icating that com pensation extends in to the 
upper mantle.
The evolution o f  the crust and m antle 
through  tim e was related to the evolution o f  
the topography. D uring Cam brian to Devonian 
tim e (F ig . 6 ) ,  the crust and adjacent areas 
in  the eugeosynclinal zone were downwarped 
under a th ick  sedim entary load. B y M iddle 
D evonian (F ig . 6 B ),  expansion in the low er 
crust and m antle caused the form ation  o f  an 
orogen ic belt (A n t le r ) . B y  Late Devonian tim e, 
the A ntler belt was about 100 miles w ide and 
locally may have reached altitudes o f  10,000 
feet. In M ississippian and E arly Pennsylva­
nian time, the orogen ic belt was subjected to 
v igorous erosion.
D ebris eroded from  the A ntler belt was de­
posited in the flanking troughs w hich appa­
rently developed concurrently  w ith  uplift. Sed­
im entation in  the troughs at first accentuated 
in itial subsidence. In  tim e, sedim entary blan­
keting resulted in th ickening o f  the crust 
under these troughs, w ith  consequent uplift. 
Continuation o f  these processes ultim ately re ­
sulted in form ation  o f  the subsidiary N evadan 
and Sevier orogen ic belts (F ig s . 7A, B ) .  L ar­
ger igneous bodies were form ed  in the N eva­
dan belt than in the Sevier. The reason fo r  
this is not clear, bu t it m ay be related to the 
form ation  o f  the N evadan belt on oceanic crust 
and the Sevier on continental crust (F ig . 7 B ).
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B y early T ertiary  tim e, the Nevadan and 
Sevier orogenic belts w ere eroded to com para­
tively low levels, and isostatic readjustm ent in 
the broad belt extending from  the Pacific to 
the H igh  P lains w as underway (F ig s . 7C, D ) .  
The areas in  w hich great sections o f  sediments 
were deposited, such as the R ocky M ountains 
and Colorado Plateau, began to  rise because 
of blanketing and consequent thickening o f  
the crust and, by late T ertiary  or early Qua­
ternary tim e, had reached nearly their pres­
ent altitude.
M eanwhile, the area between the Sierra N e­
vada and R ocky M ountains began to break up 
and form  basin  and range structure. The pre­
cise nature o f  the breakup is still obscure, but 
it seems to be  a stage in w elding the rocks o f  
the Cordilleran geosyncline to the craton. Th is 
was a com plex process that involved funda­
mental changes in the crust and mantle and 
included the form ation  o f  a layer o f  anomalous 
mantle together w ith  several episodes o f m ag­
matic activity . The high heat flow  in the Great 
Basin (Cook, 1962; Thom pson, 1966) is one 
index o f th is  m agm atism . The association o f  
volcanism w ith  basin and range structure is 
another index.
Other fa ctors  m ay have aided development 
o f basin and range structure. Clark and R in g- 
wood (1964) have noted that the mantle below  
the Precam brian shield is  about 200°C cooler 
than that under the ocean s; continental areas 
between the shield and the ocean, such as the 
area o f  the Cordilleran geosyncline, are inter­
mediate in tem perature. The “ mean viscosity”  
and strength  o f  the upper mantle are exponen­
tially dependent upon tem perature and “ . . . 
will be fa r  h igher beneath shields— probably 
by orders o f  m agnitude— than under oceans”  
(Clark and R ingw ood, 1964, p. 8 1 ). This state­
ment im plies that the m antle under the g eo ­
syncline is also weaker than under the shield 
(craton) in eastern U tah ; this, together w ith  
thinning of the crust during M esozoic erosion, 
may help to explain the breakup o f  the Great 
Basin.
The pattern of breakup differed from  place 
to place, depending upon the local structural 
fram ework. In  northw estern Nevada, the val­
leys are broad  and are m ostly covered w ith  
volcanic rocks. In north-central and northeast­
ern Nevada, the A ntler fram ew ork  is p re ­
served in the closely spaced ranges underlain 
by Paleozoic and M esozoic rocks that trend 
north-northeastw ard. In western Utah, the 
ranges are narrow  and valleys extrem ely 
broad ; this area coincides w ith  the eastern 
fiank o f  the Sevier orogen ic belt and with the
succeeding “ Laram ide”  belt. Volcanic rocks 
are sparse, and the ranges are m ostly com­
posed o f  late Paleozoic rocks.
INFERRED  O R O G E N IC  M O D E L
A ssum ing an initial equilibrium  along a 
continental m argin, deposition o f  8 to 10 miles 
o f  sedim ent in deep water on the continental 
slope over a period o f  250 to 300 m illion years 
will disturb equilibrium  in the underlying 
lower crust and mantle. The initial effect o f 
loading is to cause dow nsinking o f  the conti­
nental m argin, but ultim ately a tim e w ill be 
reached when w arm ing o f  the low er crust and 
upper mantle by  sedim entary blanketing will 
result in : 1) liquefaction o f  a low-m elting 
fraction  and 2) consequent change o f  denser 
to less dense m ineral phases in  the lower crust 
and upper mantle, w ith  consequent expansion 
and uplift. As u p lift continues, the low-m elt­
ing fra ction  m ay m ove laterally and upward 
into the lower part o f  the crust in the zone o f 
orogeny and, together w ith phase changes in 
this zone, form  a “ root” . T h is prim ary oro­
genic belt may be accom panied by tw o subsid­
iary flanking foredeeps in w hich  sedimenta­
tion m ay take place and in w hich secondary 
orogenic belts m ay form . The subsidiary oro­
genic belt on the oceanic side may becom e the 
site o f  m ajor batholiths, such as the Sierra 
N evada; the subsidiary belt on the continental 
side may becom e the site o f stocklike intrusive 
bodies.
The tim e interval between orogenic episodes 
seems to shorten as tim e goes on. The first 
orogenic phase in the Cordilleran geosyncline 
took place a fter 250 to 300 m.y. o f  sedimen­
tation, the second at about 150 m.y., the third 
at about 90 m .y., and the fou rth  at 60 m.y. 
D uring the last 60 m.y., the w estern United 
States has experienced m any m inor distur­
bances. F rom  this model, it m ay be inferred 
that the fundam ental cause o f  orogeny along 
a continental m argin is sedim entation. N o at­
tem pt has been made to  apply this model else­
where, but it m ay be applicable to other con­
tinental m argins.
C O N C L U S IO N S
The m echanism s listed in the introduction 
o f  this report to  explain the orig in  o f  basin 
and range structure w ill be review ed briefly. 
They include: 1 ) mechanism s related to com ­
pressional stress follow ed b y  extension, 2 ) to 
collapse pf the crust due to volcanic activity,
3 ) to regional extension due to convection, 
and 4) to strike-slip fau lting.
(1 )  Com pressional stress apparently did not
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precede extension. The M esozoic and early 
T ertiary  tectonics o f  the Sevier and Laram ide 
orogenic belts were characterized by  vertical 
epeirogenic uplift rather than by uplift due to 
com pressional forces. Com pressional effects 
are noted locally in g lide plates that m oved 
out from  the uplifted orogenic belts, but these 
effects are prim arily due to gravity.
(2 )  Volcanic rocks are widespread through­
out the Great Basin province, but it seems 
likely that the volcanic activity was the re­
sult o f  rather than the cause o f  basin and 
range structure. The early stages o f  basin 
and range structure w ere nearly free  o f vol­
canic rocks, and the principal volcanism  fo l­
low ed late in the basin and range cycle when 
crustal collapse was well underway. A t this 
later stage, m agm atism  and volcanism  may 
have aided crustal collapse.
(3 )  Convection currents may operate w ithin 
the earth but also seem to be a consequence 
o f  deform ation rather than a cause. Movement 
o f  basaltic m aterial from  downsinking troughs 
into an adjacent risin g  welt seems required 
and is called upon in m y orogenic model. H ow ­
ever, the tran sfer  o f  enormous amounts o f 
subcrustal m aterial required to l i f t  the Colo­
rado Plateau and R ocky M ountains and cause 
collapse in the Great Basin is not consistent 
w ith  the h istory  o f the Cordilleran geosyn­
cline; M oreover, M acDonald (1963, p. 588) has 
stated that the continental structure requires 
a vertical segregation  o f  material. This would 
seem to render large-scale subcrustal transfer 
unlikely.
Thom pson’s suggestion  (1960a, b, 1966) 
that basin and range structure m ay be re­
lated to convection on a local scale, in connec­
tion  with expansion in  the low er crust, has 
m erit. His model o f  basin and range structure 
(F ig . 4) shows only a single graben and
flanking horsts, but it  may fit nicely into the 
larger regional m odel suggested in this paper.
(4 ) Strike-slip fau lting is a significant part 
o f  the basin and range structure in  many 
areas. P. B. K ing (1959, p. 157-158) suggests 
that tension indicated by norm al fau ltin g  may 
be a com ponent o f  “ . . . prevasive crustal 
com pression— set up, fo r  example, by wrench­
ing and sh ifting  o f  large blocks o f  the crust 
during later phases o f  the development o f  the 
Cordillera” . This m ay well be true, but crustal 
com pression by  itse lf is not a m echanism  but 
a response to a driv ing mechanism, and we 
must look elsewhere fo r  the forces  that cause 
com pression.
In considering basin and range structure, I 
prefer to  first set up a series o f  geo log ic  mod­
els related directly to  the h istory o f  the west­
ern continental border. These models include 
the Cordilleran geosyncline from  its inception 
in Cambrian tim e through succeeding orogenic 
and depositional episodes that ended in the 
Quaternary. In itia l orogeny along the conti­
nental border is related to  sedim entation in 
the eugeosynclinal zone o f  the Cordilleran 
orthogeosyncline that caused fundam ental 
changes in m ineral phases w ithin the lower 
crust and mantle. These changes ultimately 
resulted in expansion in the crust-m antle col­
umn and form ation  o f  the A ntler and Sonoma 
and succeeding Nevadan and Sevier orogenic 
belts. Subsequent thinning o f  the crust during 
erosion in late M esozoic and early Tertiary 
and subcrustal expansion during late Tertiary 
and Quaternary, together w ith related mag­
matism, caused distension and crustal collapse 
in the Great Basin. The development o f  basin 
and range structure, therefore, represents a 
clim actic phase in the tectonic evolution o f  the 
western continental border.
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